Historically, forested riparian buffers have been created to provide protection for aquatic organisms and aquatic ecosystem functions. Increasingly, new and existing riparian buffers are being used also to meet terrestrial conservation requirements. To test the effectiveness of riparian buffers for conserving terrestrial fauna, we conducted a meta-analysis using published data from 397 comparisons of species abundance in riparian buffers and unharvested (reference) riparian sites. The response of terrestrial species to riparian buffers was not consistent between taxonomic groups; bird and arthropod abundances were significantly greater in buffers relative to unharvested areas, whereas amphibian abundance decreased. Edge-preferring species were more abundant in buffer sites than reference sites, whereas species associated with interior habitat were not significantly different in abundance. The degree of buffer effect on animal abundance was unrelated to buffer width; wider buffers did not result in greater similarity between reference and buffer sites. However, responses to buffer treatment were more variable in buffers ,50 m wide, a commonly prescribed width in many management plans. Our results indicate that current buffer prescriptions do not maintain most terrestrial organisms in buffer strips at levels comparable to undisturbed sites.
INTRODUCTION
River and stream ecosystems and their riparian areas are sensitive to modification of the surrounding landscape by land uses such as urban development, agriculture, and forestry. Over the last several decades, riparian buffers (or reserves) have been employed as a conservation tool in an attempt to maintain natural processes and functions (e.g., sediment interception, nutrient uptake, shading, inputs of large wood, and leaflitter inputs) in running-water ecosystems and consequently protect native aquatic organisms (Naiman et al. 2000 , Richardson et al. 2005 . Riparian buffers consist of strips of native vegetation alongside rivers and streams, and, similarly, buffers are also used for lakes and wetlands (Hannon et al. 2002 . Riparian buffers have also been recognized as a potential means of protecting the values of terrestrial riparian areas (FEMAT 1993 , Sabo et al. 2005 ). The unique habitat features of riparian areas (access or proximity to water, food, structure, microclimate, and so forth) are essential to support many components of their biodiversity and ecosystem processes , Sabo et al. 2005 , Richardson and Danehy 2007 . Riparian forest and freshwater systems exchange nutritional resources, for example, through processes such as litter and terrestrialinsect inputs into streams, and the export of emergent aquatic insects in riparian forests, which reciprocally enhance the production and biodiversity of both habitats (Nakano and Murakami 2001, Marczak and . In addition to providing habitat, riparian forests also provide pathways for dispersal of terrestrial organisms and may form a network of dispersal corridors .
The high value of riparian areas for terrestrial biodiversity has led some jurisdictions to specifically protect riparian vegetation to broadly conserve both riparian-dependent and riparian-associated species. As part of this focus, buffers have frequently been applied as an umbrella approach for conserving terrestrial species, in contrast to more selective interventions targeting vulnerable species. However, it is still unclear how effective riparian buffer forests are for the conservation of terrestrial animals, and what the optimal buffer design for this purpose is (see Plate 1). Prescribing buffer size or width is one important means by which managers can directly control the value of riparian buffer forests for biological conservation. There are frequently pressures on managers to reduce buffer size in order to maximize the potential for resource exploitation, particularly via logging. A buffer width of ;30 m has become standard in many jurisdictions (where width is defined based on a single side of a stream; Lee et al. 2004) . Modifications within the buffer (e.g., selective harvesting) may further alter its value as a conservation measure (Blinn and Kilgore 2001) . Additionally, buffers established for the purpose of protecting aquatic resources may not be appropriately designed for the objective of conserving terrestrial organisms. For example, estimates of size requirements of riparian reserves based on conservation of 95% of existing numbers of various amphibians and reptiles suggest minimal widths of 43-290 m, plus an additional 50 m as a transitional buffer to ensure microclimates are maintained Bodie 2003, Crawford and Semlitsch 2007) . In the Pacific Northwest of the United States, requirements for buffer widths on federal lands initially established to protect aquatic resources were doubled to 60 m to accommodate terrestrial riparian species' requirements (FEMAT 1993) . Large variation in guidelines for riparian management exists across jurisdictions, sometimes even for protection of the same species (Blinn and Kilgore 2001, Lee et al. 2004) . Frequently the objective of conserving riparian-dependent species is not articulated explicitly by management agencies or the quantitative target for tolerable change is not specified (Richardson and Thompson 2009 ). Although many studies have experimentally examined effects of riparian buffer forests on various species and higher taxonomic groups of terrestrial animals, e.g., amphibians, mammals, and birds, there has not been a synthesis of these results from which to judge their overall effectiveness.
Using a meta-analysis of published experimental studies, we first tested the hypothesis that riparian buffer forests efficiently conserve riparian fauna by supporting focal taxa at levels close to those present in unharvested riparian forests. Second, we evaluated whether documented edge vs. interior habitat preference might significantly alter the conservation effectiveness of riparian buffer forests for targeted species. Third, we assessed whether wide buffers provide more effective protection of riparian taxa than narrow buffers. Species may continue to be lost with time since the establishment of buffers (lag effects) or alternately evidence of recolonization and recovery may only be evident over longer time scales. We evaluated the evidence for these alternative hypotheses in our data.
MATERIALS AND METHODS

Data selection and extraction
We used an electronic database (ISI Web of Science) and a search engine (Google Scholar) to identify studies that presented data on terrestrial species abundance within riparian buffers. Within these databases, we searched for the keywords: riparian*, buffer*, strips, and streamside* in combination with biodiversity, terrestrial, logging, clearcut*, abundance, mitigation, and forest*. We restricted our search to papers focusing on animal populations. Studies were included if they met the following criteria: (1) presented mean densities measured as the number of individuals trapped, encountered, or observed per unit area, (2) were conducted in forested landscapes (e.g., buffers in agricultural landscapes were excluded), and (3) contrasted a focal species' density within a riparian buffer against equivalent data for an unharvested, unmanipulated control or reference riparian site. Effect sizes constructed from this contrast can be used to address the question: ''Do riparian buffers maintain species in roughly equal densities compared with unmanipulated sites?'' We were not able to compare abundances within buffers vs. cleared sites, nor to address community composition changes as there were insufficient studies reporting such values.
Data in selected articles were extracted from the text, tables, or figures. Confidence intervals and standard errors were converted to standard deviations. Data from figures were extracted using GraphClick version 2.9.1 (Arizona Software [2006] , unpublished internet freeware), xyExtract (Wilton Pereira da Silva, unpublished internet freeware), or Graph Digitizer Scout 1.21 (ByteScout Software Development 2007) . Studies that presented beforeÀafter comparisons (or BACI designs) were too scarce to allow the full use of these data. In cases where means were available both before and after the creation of the riparian buffer, we used the ''after'' data only. When means were presented for more than one species or for multiple years within a single published study, we entered each species and year as an independent estimate in the meta-analysis Hedges 1999, Bolnick and Preisser 2005) ; this occurred most frequently for studies employing birds as focal taxa. Although this method represents a form of pseudoreplication, it substantially increases the flexibility of our analyses; we judged this trade-off to be worthwhile. A complete list of taxa, the studies they were reported in, and their geographic location and calculated effect sizes are presented in the Supplement. Where studies reported ranges instead of values for measurements such as buffer widths or time since buffer establishment (i.e., age of cut-block) we used the mean of these ranges. When a value was reported as a range boundary (greater than or less than a certain value), the reported limiting value was used in further analysis. When data were presented for individual species we further classified these as either expressing a preference for edge or interior habitats based wherever possible on descriptions in the original publications. In many cases we referred to additional published guides or species accounts to establish these designations.
Of 58 published studies that met our a priori criteria, 27 studies had data that were suitable for extraction and subsequent analysis, three of which were from lakes and the remainder from streams. These generated an initial database of 519 comparisons of species abundance or density in buffers and reference sites. The majority of studies of terrestrial faunal abundance in riparian buffers that we located focused on birds, small mammals, and amphibians; few studies of invertebrates were located and large mammals and reptiles were not represented.
Effect sizes
Hedge's d, one of the most common effect-size metrics used in meta-analysis, is the difference between the mean of the experimental group (in the present study, means from within riparian buffers) and the mean of the control group (in the present study, means from adjacent or nearby unmanipulated riparian forest) divided by the pooled standard deviation and adjusted for sample size (Rosenberg et al. 2000) . Thus in order to determine Hedge's d both variances and means are required. Variance, however, is frequently not reported in ecological studies, particularly in older publications (Adams et al. 1997) . Alternative effect-size calculations are available that do not require a measure of variance (e.g., the log response ratio), however these effect sizes cannot be determined when data include 0 values, and are not recommended when these cases are important . Accordingly, we used Hedge's d as our measure of effect size. Of the 519 estimates contained in published studies which met our a priori criteria for inclusion we excluded comparisons without a report of variance. However, in some cases we were able to acquire appropriate estimates of variance from the study's authors for further estimates. These resulted in a final data set of 397 comparisons from 17 studies (see Supplement) .
Positive values of effect size, d, indicate an increase in relative abundance or density in riparian buffers compared to the reference site, whereas a negative effect size indicates a decrease in abundance within buffer sites. Confidence intervals that overlap 0 indicate there is no significant difference between the buffer and reference sites.
Data analysis
The magnitude of the effect size d was examined to determine whether riparian buffer strips broadly result in increased terrestrial species abundances (significant positive effect size), decreased abundances (significant negative effect size), or are maintaining species in similar levels to those at undisturbed riparian habitats (confidence intervals overlapping 0). The homogeneity of effect sizes was tested based on the statistic Q; larger Q indicates greater heterogeneity in effect sizes among comparisons (Rosenberg et al. 2000) . For both categorical and continuous data analyses, total heterogeneity, Q T , can be partitioned into heterogeneity explained by a model, Q M , and heterogeneity not explained by the model, enberg et al. 2000) . This partitioning is analogous to that of variation in an analysis of variance. The significance of Q can be tested against a v 2 distribution (Rosenberg et al. 2000) .
To explain heterogeneity in taxa response to riparian buffers we divided the data into a number of biologically meaningful classes. For each class, we calculated cumulative mean effect size and confidence intervals around that mean (Rosenberg et al. 2000) . These comparisons were made across and within broad taxonomic classes (birds, mammals, amphibians, arthropods, mollusks and lower taxonomic and functional divisions within these groups where data were available), and between species classified as preferring interior habitat or edge habitat. Categorical variables (taxa type, interior or edge preference) were treated as fixed effects.
In addition, we tested the relationship between effect size and riparian-buffer width, and between effect size and length of time since buffer creation using weighted regression analysis (Rosenberg et al. 2000) . For these regression analyses we used the absolute value of the effect size so that both positive and negative effect sizes could be incorporated in a single analysis. This approach assesses whether larger effects (whether increases or decreases in taxa abundance) are related to either the width of the riparian buffer or the length of time that a buffer has been established. We chose this approach after first determining that the patterns for negative and positive effects were similar. We used a random-effects model for all investigations of continuous variables. Since the data were strongly grouped by buffer width, and a visual inspection of the data suggested greater variability in narrower buffers, we used Bartlett's test to examine the difference in the variance of effect size between ,50 m and .50 m buffer widths.
We used a visual inspection of normal quantile plots to test for the normal distribution of effect sizes. We tested for evidence of publication bias-where studies PLATE 1. View across a clearcut toward a riparian reserve of 10 meters per side along a small stream in the University of British Columbia's Malcolm Knapp Research Forest, Canada. Photo credit: J. S. Richardson. with null effects are less likely to be represented in the published literature-using standard methods (Spearman rank-order correlation; Rosenberg et al. 2000) . We used MetaWin version 2.1.5 (Rosenberg et al. 2000) and SAS version 9.1 (SAS Institute 2003) for all statistical procedures.
RESULTS
Of the 397 estimates of the effect of riparian buffers on abundance and density of terrestrial taxa, birds were the taxon with greatest representation (n ¼ 285 studies) followed by small mammals (n ¼ 69 studies), amphibians (n ¼ 31 studies) and arthropods (n ¼ 10 studies). Only two studies were located that presented data on mollusks in a usable format. These data were included in all general investigations of effect size but cannot be used to make inferences about the particular response of mollusks to riparian buffer creation. Visual inspection of a normal-quantile plot and a standard histogram indicated that the data robustly met the assumption of normality. We found no evidence of publication bias (R s ¼ 0.066, P ¼ 0.190) based on a visual inspection of a funnel plot. The overall cumulative mean effect size was positive (overall higher abundance in buffers compared to unmanipulated riparian forest) and significantly different than 0 (cumulative mean ¼ 0.0785, 95% CI ¼ 0.023-0.134). Likewise, the magnitude (absolute value) of the effect of riparian buffers on terrestrial faunal abundance also significantly differed from 0 (absolute value of cumulative mean ¼ 0.597, 95% CI ¼ 0.541-0.652). Total heterogeneity, Q T , within the data was significant indicating that further structure was present in the data (Q T ¼ 804.3, df ¼ 396, P , 0.0001).
The effect of riparian buffers varied by taxa group (heterogeneity of the model Q M ¼ 46.6, df ¼ 4, P , 0.0001). Cumulative mean effect sizes for both terrestrial arthropods and birds were positive while the cumulative mean effect size for amphibians was negative (Fig. 1) . Within amphibians, the anurans (n ¼ 15 studies) showed proportionally greater changes (both positive and negative) relative to salamanders (n ¼ 16 studies) (absolute value of effect size, Q M ¼ 6.10, df ¼ 1, P ¼ 0.014); no other comparison of the effects of buffers within other taxa were significant. The density of small mammals decreased in buffers but this effect was not significant (Fig. 1) . The density of mollusks did not differ significantly between riparian buffers and reference sites, but this taxon was represented in only two studies.
For the data including all five taxa groups, taxa identified as edge specialists were present in significantly greater densities in buffers, and also showed significantly higher cumulative mean effect sizes than interior species (Q M ¼ 8.87, df ¼ 1, P ¼ 0.003; Fig. 2a ). Within birds, cumulative mean effect size varied according to edge and interior specialists, and edge specialists showed positive cumulative mean effect sizes, indicating their higher abundance in buffer sites (Q M ¼ 4.32, df ¼ 1, P ¼ 0.038; Fig. 2b ). For small mammals, there was no significant difference for either edge or interior specialists (Q M ¼ 0.94, df ¼ 1, P ¼ 0.332; Fig. 2c ).
There was no relationship between buffer width and the magnitude of the difference in overall taxa abundance between riparian buffers and reference sites (Q M ¼ 0.87, df ¼ 1, P ¼ 0.351; Fig. 3a ). Effect sizes associated with buffers ,50 m in width were significantly more variable than effect sizes for buffers .50 m (Bartlett's test: v 2 ¼ 3.96, df ¼ 1, P ¼ 0.047). There was no relationship between the time since buffer establishment (or forest harvesting) and the magnitude of the difference in taxa abundance between riparian buffers and reference sites (Q M ¼ 1.02, df ¼ 1, P ¼ 0.313; Fig.  3b ). 
DISCUSSION
The question of whether terrestrial taxa can be maintained in riparian buffers at levels similar to unmanipulated sites must be addressed to determine the effectiveness of buffers as a conservation tool for riparian-associated species. Overall, our analysis determined that differences in the abundance of target terrestrial taxa between riparian buffers and undisturbed riparian forests included in this meta-analysis are small, indicating that the coarse-filter approach of using riparian buffers as an ad hoc conservation measure for multiple terrestrial taxa appears, at first glance, to be working. However, our results suggest that the response to buffers strongly differs between species, even within a single animal group (e.g., amphibians).
Taxon-specific responses
The overall effect size for birds was positive indicating that, as a group, birds are more abundant in riparian buffer strips than in associated undisturbed riparian forests. In general, there are two possible explanations for increased numbers of birds in riparian-forest buffers (Hanowski et al. 2003) . First, birds could be displaced by harvest in upland areas and move to remaining riparian-buffer habitat, potentially resulting in temporarily increased bird populations in riparian forests or buffers (''packing''). Second, riparian buffers could provide edge species with preferred habitats and augment their populations. The positive responses of edge-associated bird species in our results support the second explanation, i.e., the increase in overall bird populations within riparian buffers is being driven by an increased abundance of edge species. The edges of riparian buffer strips may provide high-quality feeding habitat (high prey abundance, good perches) for aerialforaging and foliage-gleaning insectivorous birds that are not restricted to habitat types missing from relatively narrow buffer strips (e.g., interior forest) (Whitaker et al. 2000 , Laurance 2004 ). Other insectivorous species such as bats (Chiroptera), spiders (Arachnida), and dragonflies (Odonata), which forage heavily on localized concentrations of flying insects at forest edges, may also treat buffer strips as high-quality habitat patches. In this meta-analysis we demonstrated both a generalized increase in density of bird populations (particularly edge-associated species) and an increase in density of aerial insect populations in riparian buffer strips.
Forest-dependent (i.e., interior-habitat-preferring) birds respond differently to riparian buffer treatments than edge-preferring species. Whereas riparian buffers provide edge-dwelling birds with ecologically favorable conditions and can increase entire bird populations in riparian areas at least temporarily, riparian buffer treatments are also known to result in declines in some forest-dependent bird species (Darveau et al. 1995 , Hannon et al. 2002 . The mechanisms for this are various: buffer treatments may alter the position and shape of an individual's territory in a riparian area (Lambert and Hannon 2000) ; or the cut edge of riparian buffers may negatively affect breeding in riparian areas due to an increased risk of predation (Darveau et al. 1997 , Flaspholer et al. 2001 , brood parasitism , Robinson et al. 1995 , or altered vegetation (Lambert and Hannon 2000) . The overall positive response of bird taxa to riparian forests may be an ephemeral phenomenon as new edge species enter the buffer immediately following its creation before other species are lost. There is likely a lag time after buffer creation before interior-dependent and other species are lost due to habitat loss or degradation; with greater time since buffer establishment, interior bird species may be lost from these habitats. Whether regeneration in the adjacent harvested zones can be quick enough to compensate for lost habitat remains to be seen.
Our results also suggest that many riparian buffer treatments did not provide environments sufficient to maintain amphibian abundance in riparian areas, resulting in overall decreases in amphibian abundance in riparian buffer strips. Amphibians are known to be moderately mobile and can migrate distances of kilometers from stream to upland habitats (Johnston and Frid 2002, MacDonald et al. 2006 ). However, amphibian life cycles are more strongly dependent on water than those of other taxa, such as most mammals or birds. Numerous studies have demonstrated that, within the range of buffer widths typical in operational forest management, microclimate in the riparian buffer (including temperature, humidity, and soil moisture) is significantly different from undisturbed forest, resulting in strong edge effects (Brosofske et al. 1997, Stewart and Mallik 2006) . Narrow buffer zones also permit changes to stream environmental conditions (e.g., light and temperature) relative to streams surrounded by continuous forest (Kiffney et al. 2003 , Moore et al. 2005 . Inputs of fine sediment and increased water tempera-tures in streams adjacent to riparian-buffer sites can negatively affect amphibian abundance (Welsh and Ollivier 1998) . Many buffer treatments may not sufficiently preserve riparian-forest microclimate and/or aquatic conditions for maintenance of amphibian abundance (Vesely and McComb 2002) .
At first glance, riparian buffers appear to provide adequate protection for small mammals, since smallmammal abundance did not differ significantly between buffer and reference sites. However, these results do not account for the species-specific responses to riparian buffers. The habitat associations and response to disturbance of small mammals are strongly variable by species (Darveau et al. 2001 , Cockle and Richardson 2003 , Macdonald et al. 2006 . While it is possible that existing riparian buffers are sufficient to maintain smallmammal communities similar to those at reference sites, it is also possible that community composition is significantly altered within buffers. Given the wide degree of variability of response to buffer treatments across the small-mammal species included in this analysis, it seems more likely that the lack of a significant difference between small-mammal abundance at buffer and reference sites reflects an averaging of positive and negative effects.
How wide should buffer strips be to conserve terrestrial fauna?
Many previous studies of single taxa (including many that were included in this meta-analysis) have concluded that narrow buffers do not adequately maintain terrestrial fauna, especially interior-forest species (Darveau et al. 1995, Semlitsch and Bodie 2003) . Hannon et al. (2002) concluded that 20-m-wide buffers will not conserve songbirds and that even 200-m-wide buffer strips are not capable of sustaining populations of largebodied avian taxa. Positive relationships have been observed between taxa abundance and buffer width (Hannon et al. 2002 , Hanowski et al. 2003 , Shirley and Smith 2005 , and wider buffers than are the management norm are generally promoted within the scientific literature. Keller et al. (1993) suggested that a 100-m buffer was required to protect eastern deciduous riparian forest function; Lambert and Hannon (2000) determined that a 100-200 m buffer was necessary to maintain populations of target bird species. Similarly large buffer sizes (150-175 m) have been suggested as necessary to support populations of 90% of songbirds in the Coastal Montane habitats of British Columbia (Shirley and Smith 2005) . These common findings led us to anticipate that the magnitude of the difference between buffers and reference sites would be moderated by increasing buffer widths. This pattern was not present in the data while a test of the variance in effect sizes associated with buffers greater and less than 50 m (a commonly prescribed width in many management plans; Lee et al. 2004 ) demonstrated that narrow buffers are associated with greater variability in effect sizes. This variability is composed of both large positive and large negative effects. The high degree of variability associated with these smaller buffers suggests that current buffer prescriptions are insufficient to maintain terrestrial organisms at levels comparable to undisturbed sites, if that is the management target (Richardson and Thompson 2009 ).
Are we examining temporary trends or long-term patterns?
Results from all studies were short term (,10 years following forest harvesting) and should be viewed with caution. The absence of a significant relationship between buffer age and effect size may reflect the short time scales represented by the studies included in this meta-analysis, during which animals may respond similarly to both narrow and wide buffers. Changes in forest structure will inevitably occur in these riparian buffers over time; yet corresponding shifts in the abundance of species as a consequence of these changes may not be detectable over the short time spans of most studies. Some temporal variability is inherent to the focal species being studied, e.g., cyclic populations of small mammals. The short time spans of the studies included also do not account for stochastic events such as floods, droughts, fire, windthrow, nor for the potential time lags in species losses. Small, remnant populations in riparian buffers may be more vulnerable to demographic and environmental stochasticity than populations in continuous habitat. In contrast, longer study periods might also reveal the regaining of predisturbance population sizes over time. This could occur through recolonization by species initially lost from the system (via environmental change associated with succession) or slower adaptations to the changed environment (e.g., development of sun leaves in plants). Furthermore, interactions between animals, such as competition for resources and predation, potentially complicate the effects of riparian buffer treatment for animals living in buffers. For instance, Fredericksen and Fredericksen (2004) showed an increase in arthropod abundance in gaps and thus a potential increase in food sources for various kinds of animals. Buffer treatments could trigger shifts in community composition over time. These potential, persistent changes associated with buffer-treatment effects are well beyond the study period of any of the papers included in this meta-analysis.
Edge effects from adjacent cutblocks can penetrate as much as 40 m into buffers (Brosofske et al. 1997) , resulting in more open canopy, greater risk of blowdown, larger quantities of downed wood, and other structural forest changes (Harper and Macdonald 2001, Hannon et al. 2002) . Even with rapid regeneration times, these edge effects can continue to influence forest structure and composition for upwards of 15 years (Harper and Macdonald 2001) . The effective size of buffer strips for species with strong interior habitat or old-growth forest requirements may decrease over time, or, conversely, increases in the shrub layer at edges may provide more habitat for some species. Although not considered here, the landscape context (matrix habitat), i.e., what is beyond the riparian reserve, can also be an important determinant for the value of riparian reserves for some species (Lambert and Hannon 2000 , Hannon et al. 2002 , Martin et al. 2006 . The availability of alternative environments outside the buffer (e.g., breeding sites for amphibians or foraging areas for various species), can affect the value of nearby remnant riparian forest. As most of the taxa considered in our analyses have high mobility and can migrate out of riparian areas, the landscape context of riparian reserves undoubtedly deserves further evaluation.
Conclusions: are buffer strips appropriate conservation tools for terrestrial fauna?
Management agencies rarely differentiate in their plans or evaluations between supporting organisms in buffers at their original abundance and simply maintaining the presence of a species (Richardson and Thompson 2009) . Our results show that the approach of using buffer strips or zones around aquatic features as a management strategy for the conservation of terrestrial taxa may not be as effective as commonly assumed. The variability of responses by different taxa to buffers as narrow as 5 m and as wide as 200 m illustrates that riparian buffers alone cannot be relied on to provide the same conservation value for all terrestrial taxa. In particular, riparian buffers maintain only certain taxa at levels comparable to unharvested areas; many taxa increase significantly (edge-preferring species in particular), while others decline. This suggests that the longerterm community dynamics in riparian buffers may be substantially different from undisturbed areas.
As a coarse-filter approach, riparian buffers may provide some incidental protection for terrestrial species, however, it appears unlikely that currently prescribed buffer widths (generally 5À50 m) will provide sufficient habitat beyond the requirements of the most common or tolerant species. At the same time, the approach of lobbying for increases in the standard width of riparian buffers will also likely prove insufficient to adequately conserve riparian fauna. Recent approaches have included calls for targeted protection of sensitive habitats or establishing wildlife tree patches for particular focal species (Spies et al. 2007) rather than seeking limited protection everywhere. This approach has the benefit of establishing greater protections in particularly sensitive habitats (e.g., headwaters) while not demanding infeasible removals of habitat from the productive land base. Although buffers have also been shown to promote landscape connectivity and may be used as movement corridors by some species (Doherty and Grubb 2002, Reno¨fa¨lt et al. 2005) , the results of our quantitative synthesis suggest that buffer strips as currently employed should not be viewed as a sufficient strategy for maintaining interior-habitat-pre-ferring riparian fauna, particularly amphibians. Substantially wider buffers that incorporate areas of upland forest in addition to riparian-zone vegetation may be required to supply an adequate terrestrial conservation function for certain sensitive species (Semlitsch and Bodie 2003); these enhanced protections will need to be balanced by identifying areas where partial resource extraction within reserves is feasible.
